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Available online 17 July 2015AbstractFifteen elite yellow maize inbred lines were evaluated in a randomized complete block design experiment with three replicates in 2014. Data
were collected on days to anthesis and silking, anthesis-silking interval, plant and ear heights, number of ears per plant, leaf area, ear weight and
grain yield. Mean values were used to determine characters' phenotypic and genotypic variances, phenotypic, genotypic and environmental
coefficients of variation. Broad sense heritability and genetic advance percentage of mean were estimated for each trait. Significant variation
existed in all the characters. The coefficients of variation were low except for ear weight and grain yield that were relatively higher. The anthesis-
silking interval was highest in lines TZEI 124 and TZEI 16, but least in lines BD74-222, TZEI 11 and TZEI 13. Line BD74-222 had the height
plant height and BD74-165 had the least. Line TZEI 124 produced highest maize grain yield whereas line TZEI 146 had the least. Coefficients of
variation of phenotype and genotype were low for all the traits except number of ear per plant, ear and grain yield. The characters were less
influenced by the environment thus the traits can be used for selection. Heritability was greater than 80% for all characters studied whereas
expected genetic advance ranged from low (8.91) in days to silking to high (72.03) in number of ear per plant. Days to anthesis and silking, plant
height and number of leaf per plant were positively correlated. Grain yield was positively correlated with ASI, plant and ear heights, number of
leaf per plant and leaf area. High heritability and high genetic advance for ASI indicated the presence of additive genes in the trait and suggested
reliable maize improvement through selection of the traits. In this study moderate genetic advance was associated with high heritability.
© 2015 The Genetics Society of Nigeria. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Maize (Zea mays L.), the third most important cereal crop
after wheat and rice in the world [11] provides food and feeds,
employment and income generation for small-holder families
and raw materials for industries in Africa and the humid tro-
pics. The crop is widely cultivated in tropical Africa, and no
other crop is more widely distributed in Nigeria. Despite the
volume of improvement research and extensive heterosis
exploitation in maize [3,4,13,17], the yield of maize in the* Corresponding author.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).tropics is lower than that realizable in the temperate countries.
This has made consistent and continuous selection for higher
grain yield imperative.
Genetic improvement of a crop is pivoted on the strength of
genetic diversity within the crop species. Adequate variability
provides options from which selections are made for
improvement and possible hybridization. Genotypic correla-
tions had been used as an effective tool to determine the re-
lationships among agronomic traits in genetically diverse
population for enhanced progress in crop improvement [7].
Binodh et al. [8] reported that information on character asso-
ciation in crops is important for effective and rapid selection in
crop improvement.lsevier B.V. This is an open access article under the CC BY-NC-ND license
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are more likely to resemble one another than distant ones [10].
Estimate of heritability assists breeders to allocate resources
necessary to effectively select for desired traits and to achieve
maximum genetic gain with little time and resources [23].
There are different ways to calculate heritability. It may be
estimated as broad-sense or narrow-sense, on single plant,
individual plot or mean of entry [16]. Smalley et al. Ref. [23]
reported that parent-offspring regression analysis has been
used to estimate heritability in both crops and animals. Ge-
netic advance explains the degree of gain obtained in a char-
acter under a particular selection pressure. High genetic
advance coupled with high heritability estimates offers the
most suitable condition for selection. It also indicates the
presence of additive genes in the trait and further suggest
reliable crop improvement through selection of such traits.
Estimates of heritability with genetic advance are more reli-
able and meaningful than individual consideration of the pa-
rameters [15].
Continuous improvement of maize is imperative for the
increased competition for the crop. This can be achieved
through effective selection of suitable parent materials of
significant genetic variability. The objective of the present
study was to estimate the genetic variation, genetic associa-
tions, heritability and expected genetic advance in the elite
yellow maize inbred and to evaluate suitable selection criteria
for further breeding.
2. Materials and methods
Elite yellow kernel inbred lines of maize totaling 15, were
obtained from International Center for Maize and Millet
Improvement (CIMMYT) and International Institute of
Tropical Agriculture (IITA) for the study. The pedigree,
source and attribute of the inbred lines were presented in
Table 1. Seeds of the inbred lines were planted in two-row
plots, of 5 m long with a spacing of 0.75 m between rows
and 0.50 m between plants in a row in Ibadan (forest-savanna
transition agro-ecology of Nigeria). Field were sown with
three seeds per hill and seedlings were thinned to two perTable 1
Name, pedigree, source and attribute of the elite yellow maize inbred lines.
Inbred line Pedigree
BD74-204 CLYN231-B
BD74-217 CLYN260-B
BD74-219 CLYN265-B
BD74-222 CLYN262-B
BD74-165 DTPYC9-F74-3-4-1-3-B-B
BD74-161 DTPYC9-F46-3-9-1-1-B-B
TZEI 8 TZE-Y Pop STR C0 S6 Inbred 62-3-3
TZEI 16 TZE Comp5-Y C6 S6 Inbred 31
TZEI 11 TZE Comp5-Y C6 S6 Inbred 8
TZEI 12 TZE Comp5-Y C6 S6 Inbred 8
TZEI 124 TZE-Y Pop STR C0 S6 Inbred 3-1-3
TZEI 128 TZE-Y Pop STR C0 S6 Inbred 10-4-4
TZEI 13 TZE Comp5-Y C6 S6 Inbred 12
TZEI 146 TZE-Y Pop STR Co S7 Inbred 49-3-3stand at two weeks after planting to achieve a plant density of
53,333 plants ha1. The maize lines were experimented in a
randomized complete block design with three replicates.
Standard cultural practices were applied for field mainte-
nance and harvesting according to [12] package of recom-
mendation. The experiment was carried out in the rainy and
dry seasons of 2014.
Data were collected on days to anthesis (DTA) and days to
silking (DTS) as number of days from planting to 50% tas-
seling and days from planting to 50% silking emergence
respectively, plant and ear heights. Plant and ear heights were
height of plant from soil surface to the base of tassel and base
of uppermost ear, respectively. Anthesis-silking interval (ASI)
was calculated as days to silking minus days to anthesis. Leaf
area was estimated by leaf length  leaf breadth  0.75.
Number of ear per plant was counted as the number of ear with
at least one fully developed grain divided by the number of
harvested plant. Ears were weighed immediately after harvest.
Grain yield was determined by yield components of the plants
ha1 according to B€anziger et al. [5] as: grain yield ¼ Plants
ha1  ears per plant  grains per ear  weight per grain.
Means of the data collected across seasons were subjected
to Analysis of variance using SAS Ref. [24] and significant
means were compared using least significant difference at
P  0.05 and 0.01. Data were transformed before subjecting to
ANOVA. Phenotypic (d2p) and genotypic (d2g) variances were
obtained according to [6] as: d2g ¼ MSp MSer , d2p ¼ MSgr and
d2e ¼ MSer , where MSp, MSg, MSe are mean squares of phe-
notypes, of genotypes, and of error, respectively; r was num-
ber of replication. The mean values were used for genetic
analyses to determine phenotypic coefficient of variation
(PCV) and genotypic coefficient of variation (GCV), accord-
ing to Singh and Chaudhury [21] as:
GCVð%Þ ¼
ﬃﬃﬃﬃﬃﬃﬃ
d2g
p
x
 100
PCVð%Þ
ﬃﬃﬃﬃﬃﬃﬃ
d2p
p
x
 100Source Attribute
CIMMYT High yielding
CIMMYT High yielding
CIMMYT High yielding
CIMMYT High yielding
CIMMYT Drought gene donor and high yielding
CIMMYT Drought gene donor and high yielding
IITA Drought and striga gene donor
IITA Drought and striga gene donor
IITA Low nitrogen tolerant
IITA Low nitrogen tolerant
IITA Low N and striga gene donor
IITA Low N and striga gene donor
IITA Low N and striga gene donor
IITA Low N and striga gene donor
Table 2
Mean values, coefficients of variation, ranges and mean squares of some
relevant agronomic characters of 15 yellow maize inbred lines.
Character Mean CV (%) Range Mean square
Min Max Between
lines df ¼ 24
Error
df ¼ 48
Days to anthesis 52.20 0.00 49.00 57.00 20.66** 0.00
Days to silking 56.53 0.00 53.00 60.00 17.94** 0.00
Days to anthesis 4.33 0.00 3.00 6.00 2.86** 0.00
Plant height (cm) 113.57 2.21 88.40 149.07 873.73** 6.29
Ear height (cm) 46.68 6.62 26.03 65.07 273.98** 9.56
No. of leaves/plant 10.09 1.05 8.00 11.00 2.94** 0.01
Leaf area (cm2) 361.37 6.24 282.06 508.62 18814.28** 509.99
No. of ear/plant 1.26 14.30 0.99 2.33 0.66** 0.03
Ear weight/plot (kg) 1.07 23.42 0.62 1.94 0.35** 0.06
Grain yield/plot (kg) 0.78 21.42 0.45 1.41 0.18** 0.03
**Significant at P  0.01.
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and x ¼ sample mean. Broad sense heritability (h2) estimate of
each trait was computed according to the procedure outlined
by Falconer [9] as: Heritability ðh2Þ ¼ d2g
d2p
. Where:
d2g ¼ genotypic variance and d2p ¼ phenotypic variance.
Expected genetic advance percentage of mean was calculated
according to Shukla et al. [20]; as k$d
2p
m
 100, where k: stan-
dardized selection differential constant (2.06) at 5% selection
intensity, d2p ¼ phenotypic standard deviation and h2 ¼ broad
sense heritability.
3. Results3.1. Variation in agronomic characteristics of the yellow
kernel inbred lines of maizeTable 2 showed the means, coefficients of variation (CV),
ranges and mean squares of 10 characters of the maize lines.
Significant variation existed (at P ¼ 0.05) in all the characters.
The coefficients of variation were low except for ear weightTable 3
Mean for the agronomic characters of 15 inbred lines of elite yellow maize evalua
Inbred line Days to
anthesis
Days to
silking
Athesis-silking
interval
Plant
height (cm)
Ear
height (cm)
BD74-165 51.00 56.00 5.00 88.40 42.23
BD74-161 49.00 53.00 4.00 122.40 51.17
BD74-204 50.00 54.00 4.00 127.07 55.70
BD74-217 55.00 59.00 4.00 98.03 26.03
BD74-219 55.00 59.00 4.00 118.90 47.17
BD74-222 50.00 53.00 3.00 149.07 55.57
TZEI 10 52.00 57.00 5.00 122.10 41.87
TZEI 11 57.00 60.00 3.00 98.00 40.43
TZEI 12 52.00 57.00 5.00 105.80 51.43
TZEI 124 51.00 57.00 6.00 137.70 65.07
TZEI 128 51.00 56.00 5.00 106.53 38.27
TZEI 13 57.00 60.00 3.00 94.70 45.00
TZEI 146 52.00 56.00 4.00 106.90 38.40
TZEI 16 52.00 58.00 6.00 125.07 55.97
TZEI 8 49.00 53.00 4.00 102.90 45.93
Mean 52.00 56.53 4.33 113.57 46.68
SE (0.05) 0.68 0.63 0.25 3.68 4.54and grain yield. The CVs for DTA, DTS and ASI were zero,
showing high level of uniformity for these inbred lines.3.2. Agronomic performance of the yellow inbred maize
linesSignificant variation existed in all the traits studied (Table
3). Table 3 presents the mean value and the standard error
for each of the traits. The ASI was highest in lines TZEI 124
and TZEI 16, but least in lines BD74-222, TZEI 11 and TZEI
13. Line BD74-222 had the highest plant height and BD74-
165 had the least. Line TZEI 124 produced highest maize
grain yield whereas line TZEI 146 had least.3.3. Association between pairs of some characters of 15
yellow elite maize inbred linesCorrelation coefficients between pairs of traits are shown in
Table 4. All the characters that had significant phenotypic
association with each other also showed significant genotypic
relationship. The DTA, DTS, plant height and number of leaf
per plant were positively correlated. Grain yield positively
correlated with ASI, plant and ear heights, number of leaf per
plant and leaf area.3.4. Variances, coefficients of variation, heritability and
genetic advance for traits in the maize inbred linesPhenotypic, genotypic and environmental variances as well
as their coefficients of variation are presented in Table 5.
Similarly, heritability and expected genetic advance are pre-
sented in the table. Both the coefficients of variation of
phenotype and genotype were generally low for all the traits
except the yield parameters (number of ear per plant, ear and
grain yield). Heritability ranged from 81.5% to 100% whereas
expected genetic advance ranged from low (8.91) in days to
silking to high (72.03) in number of ear per plant.ted in Ibadan in 2014.
Number of
leaf/plant
Leaf
area (cm2)
Number of
ear per plant
Ear weight
per plot (kg)
Grain weight
per plot (kg)
8.43 289.07 1.00 1.24 0.90
10.00 455.25 1.79 0.81 0.58
11.00 394.04 1.00 1.12 0.81
8.00 457.84 2.33 0.76 0.55
10.00 508.62 1.87 1.26 0.91
10.43 455.89 2.00 1.11 0.81
9.30 282.06 1.00 1.45 1.05
11.00 328.00 0.99 1.07 0.77
11.20 327.35 1.01 1.30 0.94
11.00 372.51 1.00 1.94 1.41
10.00 235.30 1.00 0.78 0.56
10.80 316.13 1.00 0.98 0.71
10.00 290.50 1.00 0.62 0.45
11.00 376.45 1.00 1.00 0.73
9.20 331.54 1.06 0.72 0.52
10.09 361.37 1.23 1.08 0.78
0.15 33.14 0.27 0.37 0.27
Table 4
Association of agronomic character of 15 yellow elite inbred lines of maize.
Character Attribute DTS ASI PH EH NoL LA EPP GRY
DTA P 0.88** 0.22 0.33* 0.24 0.51** 0.22 0.14 0.16
G 0.89** 0.22 0.33* 0.25 0.51** 0.23 0.14 0.18
DTS P 0.26 0.38* 0.28 0.59** 0.26 0.16 0.19
G 0.26 0.39* 0.29 0.60** 0.27 0.17 0.21
ASI P 0.75** 0.57** 0.11 0.49** 0.28 0.38*
G 0.75** 0.56** 0.11 0.50** 0.29 0.42**
PH P 0.86** 0.17 0.78** 0.47** 0.55**
G 0.87** 0.17 0.80** 0.48** 0.61**
EH P 0.12 0.57** 0.32* 0.45**
G 0.13 0.59** 0.33* 0.48**
NoL P 0.12 0.67** 0.83**
G 0.12 0.69** 0.92**
LA P 0.36* 0.37*
G 0.37* 0.41**
EPP P 0.20
G 0.23
*, and **, DTA, DTS, ASI, PH, EH, NoL, LA, EPP, GRY, P and G mean significant at P ¼ 5% and 1%, days to anthesis, days to silking, anthesis-silking interval,
plant height, ear height, number of leaf/plant, leaf area, number of ear per plant, gain yield, phenotype and genotype.
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Coefficients of variation and ranges of 10 agronomic
characters of the maize lines explained that significant varia-
tion existed in all the characters. The coefficients of variation
were high for number of ear per plant, ear weight and grain
yield. Ranges were very high for all the parameters. This wide
range in the values of the traits was adequate to distinguish the
inbred lines using these traits. The zero and low CVs in the
values of the traits may be expected because the lines have
undergone inbreeding depression resulting in fixation of
recessive genes and thus increasing homozygousity within the
lines. Besides, the lines were developed for similar charac-
teristic. These may be responsible for minimal differences
among the lines based on these traits. Collective variations in
the mean value and the standard error for each of the traits
showed the distinctiveness of each lines. Though the means
were normally distributed around a general mean under each
trait; standard errors were low across the traits indicating that
the lines shared almost the same pattern of gene actions. All
the same, selection can be made among the array of inbred
lines for further improvement.
The genotypic variances for DTA, DTS and ASI are same
as their phenotypic variances resulting in zero environmentalTable 5
Variability, heritability and expected genetic advance of some relevant agronomic
Trait Phenotypic
variance
Genotypic
variance
Environmental
variance
Phenotypic c
variation (%
Days to anthesis 6.89 6.89 0.00 5.03
Days to silking 5.98 5.98 0.00 4.33
Days to anthesis 0.95 0.95 0.00 22.54
Plant height 291.24 289.14 2.10 15.03
Ear height 91.33 88.14 3.19 20.47
No. of leaf/plant 0.98 0.98 0.00 9.81
Leaf area 6271.43 6101.43 170.00 21.91
No. of ear/plant 0.22 0.21 0.01 36.82
Ear weight 0.12 0.09 0.02 31.48
Grain weight 0.06 0.05 0.01 31.47variances. This makes the heritability of these characters to be
100%. The offspring of these lines will be exactly like their
parents because there are no visible environmental effects on
the expression of these characters. The genes expressed in each
of these three traits were homozygous dominant for the traits.
Low coefficients of variation of phenotype and genotype for all
the characters except the yield parameters encourages the use
of yield parameters in selection of suitable parents for crosses
or lines further improvement. Traits such as ASI, plant height,
ear height and leaf area may be considered where there is need
to support the yield parameters because their coefficients of
variation were comparatively large. The significant difference
between the phenotypic and genotypic coefficient of variation
of ear and grain yield emphasis the significant role of envi-
ronment in the inheritance of the characters.
The DTA, DTS, plant height and number of leaf per plant
positively correlated. Grain yield positively correlated with
ASI, plant and ear heights, number of leaf per plant and leaf
area. Triveni et al. [22] also found that plant and ear heights,
and number of leaf per plant of maize highly significantly and
positively correlated with its grain yield. The implies that
maize grain yield can be indirectly selected for, by considering
any of ASI, plant and ear heights, number of leaf per plant and
leaf area.characters of elite yellow inbred lines of maize.
oefficient of
)
Genotypic coefficient of
variation (%)
Heritability
(%)
Genetic advance
(%) mean
5.03 100.00 10.36
4.33 100.00 8.91
22.54 100.00 46.43
14.97 99.28 30.73
20.11 96.51 40.70
9.80 99.63 20.14
21.62 97.29 43.92
35.88 94.97 72.03
28.42 81.50 52.86
28.46 81.77 53.01
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attributed to genetic variance. In the present study heritability,
was high (greater than 80%) for all studied characters. High
heritability indicates that the environmental influence is min-
imal on characters. Any of the characters can, therefore, be
used for selection. Akbar et al. [1], Rafiq et al. [18], Rafique
et al. [19] have also reported high heritability for different
yield controlling traits in maize. The comparatively lower
heritability for grain yield of the maize, in this study, may be
due to the fact that yield is a low heritable character which that
is controlled by many genes. The progress in selection for this
character in maize is general slow. The expected genetic
advance that was low for days to anthesis, days to silking and
number of leaf per plant may be compensated for by their high
heritability. Ali et al. [2], Najeeb et al. [14] found that high
heritability may not always associate with large genetic
advance. Since high heritability does not always indicate a
high genetic gain, heritability is recommended to be consid-
ered in association with genetic advance to predict the effect
of selecting superior crops varieties.
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